Background: Several studies have suggested that breastfeeding has a positive effect on long-term obesity, diabetes, hypertension, and hyperlipidemia. This study aimed to examine maternal bone health, muscle mass, and obesity based on breastfeeding duration. Methods: This study was based on the Korea National Health and Nutrition Examination Survey 2010-2011. We selected 2,027 elderly women by screening survey participants with a history of delivery. Multivariate logistic regression analyses were performed to estimate the odds ratios (ORs) of sarcopenia, osteoporosis, and obesity among four breastfeeding groups. Results: The OR of sarcopenia significantly decreased with increasing breastfeeding duration (OR, 0.27; 95% confidence interval [CI], 0.11-0.65; P for trend <0.001), whereas the OR of obesity significantly increased with increasing breastfeeding duration (OR, 2.56; 95% CI, 1.43-4.60; P for trend=0.009) after adjusting for potential confounding variables. We also found a positive correlation between the duration since last delivery and sarcopenia. Conclusion: Our results suggest a negative correlation between prolonged breastfeeding and the prevalence of sarcopenia, and a positive correlation between prolonged breastfeeding and the prevalence of obesity. Further studies are needed to clarify the relationship between breastfeeding and sarcopenia in the future.
INTRODUCTION
Breastfeeding history has a positive effect on the health of women.
Studies have suggested that long-term breastfeeding reduces the ovarian and breast cancer rates, as well as the risks of all-cause mortality, 1) hypertension, diabetes, hyperlipidemia, and cardiovascular disease. 2) Although no previous study has assessed the relationship between muscle mass and breastfeeding, several studies have evaluated the association between bone health or obesity and breastfeeding, yielding controversial results. Wiklund et al. 3) found that lactation has a positive effect on bone size and strength. Okyay et al. 4) reported that a breastfeeding period of >1 year per child has a strongly positive correlation with osteoporosis (odds ratio [OR], 12.9; 95% confidence interval [CI], 3.1-52.6). Hwang et al. 5) demonstrated that the prevalence of osteoporosis is significantly higher in postmenopausal women with a history of prolonged breastfeeding (OR, 3.29; 95% CI, 1.485-7.299). Sichieri et al. 6) found a non-significant effect of breastfeeding on maternal weight.
Bobrow et al. 7) showed that breastfeeding is associated with a long- Although many studies have investigated breastfeeding and its related long-term health effects, no study has been conducted on the relationship between breastfeeding and sarcopenia. Therefore, in this study, we investigated maternal bone health, muscle mass, and obesity based on breastfeeding duration, by using a nationwide database in Korea.
METHODS

Study Population
This study was based on the Korea National Health and Nutrition Ex- This survey used a stratified, multistage probability sampling design for the selection of household units. Sampling weights were used to account for the complex sampling to represent the entire Korean adult population, which included stratification by the district at the first step and stratification by sex and age at the second step. The survey consisted of the health interview survey, health behavior survey, nutrition survey, and health examination survey. The participants were evaluated using self-administered questionnaires. Interviewers assisted those participants who had difficulties in self-administration.
Of the 17,476 subjects in the KNHANES 2010-2011, 5,965 answered "yes" or "no" to questions about their breastfeeding experience. Protein intake was defined as the sum of protein intake (g) from food consumed during 24 hours.
Menarche and menopause were recorded yearly. Hormone replacement therapy was defined as the percentage of the total treatment duration. The number of deliveries was defined as the total number of lifetime deliveries. The ages at first and last delivery were collected yearly.
Definition of Diseases
Body weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively, while the subjects were wearing light indoor clothes 
Statistical Analysis
In the present study, all sampling and weight variables were stratified. 
RESULTS
The basic characteristics of the subjects are shown in 
DISCUSSION
This study showed that sarcopenia has a negative association and obesity has a positive association with prolonged breastfeeding in women older than 60 years. We also found a positive association between the duration since last delivery and sarcopenia.
The results of this study were comparable to those of previous studies. Ki et al. 16) reported that prolonged breastfeeding was associated with greater BMI and waist circumference (WC) among postmenopausal women (BMI: OR, 1.54; 95% CI, 1.19-2.0 and WC: OR, 1.67; 95% CI, 1.29-2.17). Sichieri et al. 6) found that the effect of breastfeeding on maternal weight was not significant. Bobrow et al. 7) reported that breastfeeding was associated with a long-term reduction in BMI among postmenopausal women (BMI, 25.88 kg/m 2 versus 26.39 kg/m 2 ).
Wiklund et al. 8) suggested that long-term breastfeeding (duration >10 months) provides more protection against maternal obesity later in life than a breastfeeding duration of <6 months (BMI, 24.6 kg/m 2 versus 27.3 kg/m 2 ; P=0.001).
Several mechanisms have been suggested to explain the association between breastfeeding and obesity. The roles of breastfeeding in relation to obesity are also debatable. Prolactin released during breastfeeding may enhance estrogen levels and fat tissue storage. In contrast, prolactin inhibits lipogenesis and inhibits glucose uptake from adipose tissue, and fat deposition patterns induced during pregnancy can be reversed by breastfeeding. 8) Several studies have evaluated the relationships between sarcopenia and obesity, insulin resistance, and osteoporosis. Dodds et al. 17) showed that persons with normal or increased BMI (18.5 kg/m 2 or above) were at a reduced risk of developing sarcopenia (obesity: OR, 0.07; 95% CI, 0.03-0.15). Srikanthan et al. 18) suggested that sarcopenic obesity, to a greater extent than either sarcopenia or obesity alone, is 19) showed that sarcopenia is inversely associated with insulin resistance. Lee et al. 20) suggested that sarcopenia was significantly associated with osteoporosis. It has been hypothesized that sarcopenia worsens with decreasing estrogen level.
Messier et al. 21) reported that menopause is associated with a rapid decline in muscle mass.
The relationship between breastfeeding and sarcopenia is not fully understood. Rolland et al. 22) suggested that estrogen, the level of which increases during breastfeeding, might prevent muscle mass loss.
Messier et al. 21) suggested that estrogen could have a direct effect on muscle mass, as it has been shown that skeletal muscle contains estrogen beta-receptors on the cell membrane, in the cytoplasm, and on the nuclear membrane. A direct potential mechanistic link could exist between low estrogen levels and decreased protein synthesis. 21) Another explanation is that breastfeeding has a positive effect on sarcopenia through decreasing insulin resistance. 23) Rolland et al. 22) showed that sarcopenia is associated with increasing body fat and intramyocellular fat mass accompanying increased insulin resistance. Therefore, breastfeeding may improve insulin resistance, which might reduce sarcopenia.
This study has several limitations. First, this is a cross-sectional study; therefore, determining the cause-and-effect relationship between sarcopenia and breastfeeding was difficult. Second, recall bias or concealment could occur in the question of breastfeeding duration because the KNHANES used self-administered questionnaires. Finally, variables that were not considered during analyses may be hidden.
Despite these limitations, to the best of our knowledge, this is the first study to elucidate the link between breastfeeding and sarcopenia in a large number of Korean women.
In conclusion, prolonged breastfeeding might have a positive effect on sarcopenia in elderly women. Further experimental studies and large prospective long-term studies will be needed to clarify the relationship between breastfeeding and sarcopenia in the future.
